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methods. 1 The role of ambulatory BP monitoring in predicting cardiovascular events has been well established, 1 whereas for home BP monitoring until recently there was only 1 outcome study. 2 In the past years, more prognostic data for home BP became available. [3] [4] [5] Home BP monitoring is being widely used in several countries, and current guidelines in Europe and the US recommend its use in all treated patients with hypertension and in untreated subjects with suspected hypertension. 6, 7 The International Database of HOme blood pressure in relation to Cardiovascular Outcome (IDHOCO) has been constructed using individual participants' data of published population studies that evaluated the prognostic value of home BP. 8, 9 The collective analysis of the available outcome studies provided adequate power to allow the investigation of the prognostic significance of white-coat and masked hypertension phenomena separately in untreated and treated subjects, which was the objective of this article.
Methods

Study Population
The IDHOCO database 8 has been constructed using individual subjects' data including information on subsequent fatal and nonfatal outcomes obtained from 5 population studies of home BP monitoring performed in Ohasama, Japan (n=2777), 10, 11 Finland (Finn-Home; n=2075), 3 Tsurugaya, Japan (n=836), 12 Didima, Greece (n=665), 13 and Montevideo (n=400). 14 The classification and number of events, and baseline characteristics have been published. 8, 9 Of a total of 6753 participants in the IDHOCO database, 295 participants were excluded (284 with <2 office or home BP readings; 10 with missing information for baseline treatment; 1 without information on cardiovascular disease history). 8 
Office and Home BP Measurements
At least 2 baseline office and home BP measurements were required for inclusion. Office measurements were taken using electronic (3 studies) 10, 12, 14 or mercury manometers (2 studies), 3, 13 in a single visit (4 studies) 3, 10, 12, 14 or 2 visits (1 study), 13 and the average number of BP readings per study ranged from 1.8 to 6. 8 Home measurements were taken using validated electronic arm devices in the morning and evening (4 studies), 3, 10, 13, 14 or only the morning (1 study), 12 and the total number of BP readings averaged per study ranged from 2 to 45.9 (4 studies including 94% of the participants provided an average of ≥12 readings). 3, 10, 12, 13 Home monitoring was performed only at baseline within 1 to 26 days (≥7 days in 84% of the participants). 3, 10, 12 Office BP measurements of a single visit and all available home measurements of each individual were averaged to give a single number for office and home BP, respectively.
Definitions of White-coat, Masked, and Sustained Hypertension
White-coat hypertension was defined as office systolic BP≥140 mm Hg and/or diastolic BP≥90 mm Hg, with home systolic BP<135 mm Hg and diastolic BP<85 mm Hg. Masked hypertension was defined as home systolic BP≥135 mm Hg and/or diastolic BP≥85 mm Hg, with office systolic BP<140 mm Hg and diastolic BP<90 mm Hg. Sustained hypertension was defined as elevated office BP (systolic≥140 mm Hg and/or diastolic≥90 mm Hg) and home (systolic BP≥135 mm Hg and/or diastolic BP≥85 mm Hg) and normotension as low office (systolic BP<140 mm Hg and diastolic BP<90 mm Hg) and home (systolic BP<135 mm Hg and diastolic BP<85 mm Hg).
End Points
The primary analysis was based on a composite cardiovascular end point, which included fatal cardiovascular events, nonfatal myocardial infarction, surgical and percutaneous coronary revascularization, heart failure, pacemaker implantation, and stroke. Only the first cardiovascular event for each participant during the study follow-up was accepted for analysis. A secondary analysis including only fatal events (cardiovascular and other) was also performed.
Analysis
The statistical software SAS version 9.3 (SAS Institute, Cary, NC) was used. Means and proportions were compared using the standard normal z test for large samples or ANOVA and the χ 2 statistic, respectively. Kruskal-Wallis test was used to assess differences among subjects with normotension, white-coat, masked, and sustained hypertension. Kaplan-Meier survival curves for cardiovascular events and total mortality were provided in the 4 subgroups, untreated and treated, with ad hoc comparisons (P values with Sidak correction) of normotensives versus subjects with white-coat, masked, and sustained hypertension.
In multivariable-adjusted Cox regression, the hazard ratio for cardiovascular events in subjects with white-coat, masked, and sustained hypertension compared with normotensive subjects was evaluated. Untreated and treated subjects were analyzed separately. Covariables were cohort, sex, age, body mass index, serum cholesterol, smoking, history of cardiovascular disease, and diabetes mellitus. Sensitivity analysis was performed by excluding 1 cohort at a time to confirm that the results are consistent across all studies and not driven by a single cohort.
Results
A total of 6458 subjects were included, with 59 239 personyears of follow-up (median 8.3 years; 5th to 95th percentile interval, 4.2-16.8 years). At baseline, 5007 subjects were not on antihypertensive drug treatment (77.5%), whereas 1451 (22.5%) subjects were treated. A total of 714 cardiovascular events occurred during the follow-up (412 in untreated and 302 in treated subjects) and 809 deaths (520 and 289, respectively).
The baseline characteristics of the study participants according to treatment status and the classification into normotensive and white-coat, masked, and sustained hypertension are presented in Table 1 . Subjects with masked hypertension were older, had higher incidence of smoking and diabetes mellitus, and tended to have cardiovascular disease history more often than normotensives or subjects with white-coat hypertension (untreated and treated). In white-coat and masked hypertension subjects, both untreated and treated, body mass index, total cholesterol, and office and home BP were higher than in normotensives but lower than in subjects with sustained hypertension. Treated subjects (n=1451) were older (66. 6 Among subjects with low office BP (normotension and masked hypertension), the proportion of those with elevated home BP (masked hypertension) was higher in treated than in untreated subjects (41.4% versus 11.9%; P<0.0001). On the contrary, among subjects with elevated office BP (sustained plus white-coat hypertension), the proportion of those with low home BP (white-coat hypertension) was higher in untreated than in treated subjects (42.9% versus 25.8%; P<0.0001).
Hazard ratios for cardiovascular events in untreated and treated subjects with white-coat, masked, and sustained hypertension are presented in Table 2 and Kaplan-Meier survival curves in the Figure. Treated normotensive subjects had 54% higher cardiovascular risk than untreated normotensives.
In the untreated group, normotensive subjects had lower cardiovascular risk than subjects with white-coat, masked, and sustained hypertension. The hazard ratio was progressively increased, from normotensives to subjects with whitecoat (1.42), masked (1.55), and sustained hypertension (2.13), but with considerable overlap in their 95% confidence intervals (CI; P<0.0001 for trend). In the treated group, the hazard ratio of subjects with white-coat hypertension did not differ from treated normotensive patients. As in the untreated group, treated subjects with masked or sustained hypertension had higher risk than treated subjects with low office and home BP (P≤0.039).
The hazard ratios for total mortality in untreated and treated subjects with white-coat, masked, and sustained hypertension are presented in Table 3 and Kaplan-Meier survival curves in the Figure. All-cause mortality rates were similar in treated and untreated subjects with normal office and home BP (hazard ratio, 1.10). Subjects with white-coat hypertension, untreated and treated, did not have higher mortality risk than the respective normotensive group (hazard ratio, 1.13 and 1.19, respectively; P=0.37). On the contrary, subjects with masked hypertension had higher risk than normotensive subjects, both untreated and treated (P≤0.031). Untreated subjects with sustained hypertension had higher risk than normotensive subjects (P=0.012).
Sensitivity analyses in untreated subjects showed that the cardiovascular risk was 69% (95% CI [17%, 145%]; P=0.0055) In the untreated group, hazard ratios express the risk versus untreated normotensives. In the treated group, the hazard ratio of treated normotensives express the risk versus untreated normotensives, whereas the hazard ratios of treated white-coat, masked, and sustained hypertensives express the risk versus treated normotensives. Hazard ratios were adjusted for cohort, sex, age, body mass index, serum cholesterol, smoking status, cardiovascular disease history, and diabetes mellitus. CI indicates confidence intervals; HR, hazard ratio; and HT, hypertension.
by guest on April 12, 2017 http://hyper.ahajournals.org/ Downloaded from higher in men with white-coat hypertension compared with normotensive men, whereas the risk in women with white-coat hypertension was similar to that in normotensive women (hazard ratio, 1.13; 95% CI [−32%, 87%]; P=0.63). Similarly, men with masked hypertension had 69% (95% CI [13%, 155%]; P=0.011) higher cardiovascular risk than normotensive men, whereas the risk in women with masked hypertension was similar to that in normotensive women (hazard ratio, 1.28; 95% CI [0.75, 2.20]; P=0.37). Hazard ratios were not significantly different between men and women. Further sensitivity analyses performed by excluding 1 cohort at a time revealed a consistent trend (hazard ratios always to the same direction) toward increased cardiovascular risk in untreated subjects with white-coat, masked, and sustained hypertension compared with untreated normotensive subjects, and in treated, masked, and sustained hypertension compared with treated normalized hypertension (Table S1 in the online-only Data Supplement).
Discussion
The IDHOCO project is unique in that it provides a worldwide, integrated, general population-based, participant level database with data on the prognostic value of home BP measurements. In contrast to each of the individual outcome studies, the IDHOCO database provided the adequate power to allow the investigation of the prognostic significance of white-coat and masked hypertension separately in untreated and treated subjects. Moreover, this type of meta-analysis is superior to literature-based, summary statistics-based metaanalyses because it provides the ability to include the computing survival curves, to check whether the proportional hazard assumption is fulfilled, and test several interactions. 15, 16 This analysis of home measurements confirms previous reports using ambulatory BP monitoring that masked hypertension is associated with increased cardiovascular risk in both untreated and treated subjects (Table S2) . 17, 18 Thus, masked hypertension is a risk factor irrespective of the treatment status and the measurement method (home or ambulatory). However, the novel information provided by this analysis is that the risk associated with white-coat hypertension is increased in untreated but not in treated subjects. The International Database on Ambulatory blood pressure monitoring in relation to Cardiovascular Outcomes (IDACO) database, which In the untreated group, hazard ratios express the risk versus the untreated normotensives. In the treated group, the hazard ratio of treated normotensives express the risk versus the untreated normotensives, whereas the hazard ratios of treated white-coat, masked, and sustained hypertensives express the risk versus the treated normotensives. Hazard ratios were adjusted for cohort, sex, age, body mass index, serum cholesterol, smoking status, cardiovascular disease history, and diabetes mellitus. CI indicates confidence intervals; HR, hazard ratio; and HT, hypertension. included ambulatory instead of home BP data, did not show a difference in the prognosis of white-coat or masked hypertension in treated versus untreated subjects (Table S2) . 17, 18 Thus, these data suggest that in untreated subjects the prognostic relevance of white-coat hypertension might differ according to the method used for out-of-office BP evaluation (home versus ambulatory monitoring), although it should be mentioned that the IDACO and IDHOCO databases differ in more aspects than only the out-of-office BP monitoring method.
Prevalence of White-Coat and Masked Hypertension
In the present study, white-coat hypertension was detected in 14.3% of the participants and, masked hypertension was detected in 9.8% of the participants, compared with 10.6% and 14.6%, respectively, in the IDACO database that also used single-visit office BP but daytime ambulatory instead of home BP. 17 However, among subjects with elevated office BP, whitecoat hypertension was common, particularly in the untreated group (42.9%). This is probably because this analysis is based on single-visit office BP, which is known to be reduced in subsequent visits. Moreover, treated subjects are more familiar with the office environment, which might have reduced their office BP. On the contrary, among subjects with low office BP, masked hypertension was 3-fold more common in treated than in untreated subjects. This difference may be attributed to the fact that the antihypertensive treatment is mainly adjusted according to office BP, and that in treated subjects office BP is usually taken close to the peak effect of the drug treatment (few hours after morning drug intake), whereas home BP is measured at the trough (morning) and the plateau effect of treatment (evening). Moreover, treated subjects are more familiar with the office setting, which might have reduced their office BP. However, the prevalence of masked hypertension is particularly alarming (41.4% of treated subjects with normalized office BP and 16% of all treated subjects) and highlights the need for out-of-office BP evaluation in all treated subjects.
In the IDACO database in 648 untreated subjects with isolated systolic hypertension on office measurement, 52% had white-coat hypertension defined by ambulatory BP monitoring. 18 In the same database, the prevalence of masked hypertension among untreated subjects with normal office BP was 19.2% compared with 31.9% in treated subjects. 19 In the absence of studies assessing home and ambulatory BP in the same subjects, it is difficult to conclude whether the prevalence of white-coat and masked hypertension differs when defined by ambulatory or home measurements. The Pressione Arteriose Monitorate E Loro Associazioni (PAMELA) outcome study that performed office, home, and 24-hour ambulatory BP measurements in a general population sample of 2051 subjects in Italy 20, 21 showed similar prevalence of masked hypertension detected by home or ambulatory monitoring and slightly higher prevalence of white-coat hypertension with ambulatory monitoring. However, in the PAMELA study, the potential of home BP monitoring has not been exhausted because only 2 home readings were obtained, which are known to give higher and more variable values than measurements during the next days 22 and less predictive of stroke risk. 23 Cross-sectional studies reported similar proportions of white-coat and masked hypertension detected by home or ambulatory monitoring with reasonable diagnostic agreement between the 2 methods.
24,25
Cardiovascular Event Rate in Untreated Versus Treated Subjects
Treated subjects were at significantly higher cardiovascular risk than the untreated ones, after adjustment for several major risk factors, many of whom were more prevalent in the treated group. Interestingly, treated subjects with low office and home BP had 54% higher cardiovascular risk than untreated normotensives. This has previously been noted in outcome studies with ambulatory BP monitoring 17 and suggests that treatment, per se, is a marker for undetectable residual confounding risk factors, which are not eliminated by treatment.
This study showed that in untreated subjects, white-coat hypertension defined by home BP measurement is associated with higher cardiovascular risk than normotension. This is probably related, at least in part, to the higher home BP levels compared with the normotensive subjects. Sensitivity analyses suggested that this finding was limited to men who are at higher cardiovascular risk than women. In fact, white-coat hypertension seemed to have similar risk to that of masked hypertension but lower than that of sustained hypertension (Table 2) . During the long follow-up (median 8.3 years), several individuals with prehypertension might have developed sustained hypertension. It is clear from the Figure that it takes a long time for the event curves to clearly separate, which is supported by similar data with ambulatory BP monitoring. 26 On the contrary, in the treated group, the white-coat phenomenon did not seem to be related with increased cardiovascular risk, which might be because of effective treatment of these subjects on the basis of their elevated office BP 27 and to the higher risk in the reference group. On the contrary, treated subjects with masked hypertension were at significantly higher risk than normotensive subjects and subjects with white-coat hypertension, which might be attributed to inadequate treatment of these patients because of their low office BP.
The lack of the prognostic value of the office BP in treated patients is supported by previous reports. The Ohasama study suggested a weakness of office BP for prediction of stroke risk in treated patients in contrast to home BP. 28 Some of the participants originally with white-coat hypertension are expected to move to normotension group by antihypertensive medication during follow-up, which might have attenuated the difference in the risk between normotension and white-coat hypertension. In addition, a meta-analysis showed that the treatment-induced BP reduction is smaller for ambulatory than for office BP. 29 These findings explain, at least in part, the fact that a proportion of treated patients originally classified to the sustained hypertension group is assigned to masked hypertension when treatment is initiated. In a recent IDACO analysis, the prevalence of masked hypertension was higher in treated individuals compared with untreated ones (42.5% versus 29.3%, respectively, for patients with diabetes mellitus and 30.4% versus 18.8% for nondiabetic patients). 19 These observations may account for the high cardiovascular risk in masked hypertension comparable with that in sustained hypertension.
Previous reports from the IDACO database based on ambulatory BP monitoring also provided information on the prognosis of white-coat and masked hypertension in untreated versus treated subjects. 17, 18 These 2 international databases have similar numbers of participants and follow-up (Table  S2) and provide a unique opportunity to address the question whether white-coat and masked hypertension have similar prognostic value when identified by ambulatory or home BP measurements, although this would ideally require a data set including these measurements in the same subjects.
In contrast to the current analysis, in the IDACO database, untreated and treated white-coat hypertension assessed by ambulatory monitoring was not associated with increased cardiovascular risk compared with normotension, whereas masked hypertension did carry increased cardiovascular risk (Table S2) . 17 Another IDACO analysis in elderly subjects with isolated systolic hypertension also showed white-coat hypertension not to be associated with increased cardiovascular risk in both untreated and treated subjects. 18 However, there was a trend toward higher risk in untreated versus treated subjects with white-coat hypertension compared with normotension (Table S2 ). Moreover, in the latter analysis, the cardiovascular risk of white-coat hypertension versus normotension was higher in untreated men and subjects with diabetes mellitus. 18 The SHEAF (Self-measurement of blood pressure at Home in the Elderly: Assessment and Follow-up) study in treated elderly subjects assessed with home BP measurements is in line with the present findings by showing treated patients with white-coat hypertension to have similar cardiovascular risk as patients with controlled hypertension and subjects with masked hypertension to be at high risk similar to patients with sustained hypertension. 30 The finding that untreated white-coat hypertension is associated with increased risk when identified by home BP monitoring, whereas this was not the case in previous analysis with ambulatory BP monitoring, is challenging. The view that home and ambulatory BP are interchangeable methods because they both provide multiple out-of-office measurements is rather simplistic. These methods have major differences because home BP is monitored for several days, weeks, or months, but only in the sitting posture at home, whereas ambulatory BP is monitored only for 24 hours but in different conditions, at work, at home, and during sleep. The present study suggests that home and ambulatory BP are not interchangeable but probably complementary methods. This view is supported by a recent analysis of the PAMELA general population study where among subjects with white-coat hypertension (elevated office and low home or ambulatory BP) those with low home and ambulatory BP had lower cardiovascular mortality than those with only one of them being low.
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Terminology for White-Coat and Masked Hypertension
The terms white-coat and masked hypertension were used in this article to present the disagreement between office and home BP measurements in both untreated and treated subjects. It is accepted, however, that these terms are appropriate for untreated subjects only. In the recent European Society of Hypertension position article on ambulatory BP monitoring, the terms white-coat effect and masked uncontrolled hypertension are used for treated individuals. 32 Franklin et al distinguished unnecessarily treated white-coat hypertension from treated normalized hypertension with white-coat effect; the latter referring to patients with sustained hypertension whose out-of-office, but not in-office, BP normalized on antihypertensive treatment.
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Limitations
These results should be interpreted by taking into account several limitations. The major limitation of this kind of outcome studies is the lack of information during follow-up on BP levels, treatment for hypertension, and other risk factors. Without repeated assessment during the years of follow-up, it is not known how many normotensive subjects developed hypertension and how many untreated subjects received treatment, which probably influenced the outcome and may have diluted the true differences attributed to the white-coat and masked hypertension phenomena. Second, office BP was assessed at a single visit, which probably influenced the accuracy of hypertension diagnosis and the prevalence of the white-coat and masked hypertension. Third, different home BP measurement numbers and schedules have been used in the studies included in the meta-analysis, which may have affected the findings. Finally, the treated group was significantly smaller than the untreated (22.5%) group, yet with much higher cardiovascular event risk that is largely attributed to higher frequency of established risk factors.
Perspectives
The present analysis suggests that the classification of individuals on the basis of their office and home BP levels has significant prognostic relevance, which seems to differ in untreated and treated subjects. Masked hypertension carries the same risk as sustained hypertension in both untreated and treated subjects, whereas white-coat hypertension is a risk factor in untreated but not in treated subjects. These data should be taken into account in the management of hypertension in clinical practice. Home and ambulatory BP should not be considered as interchangeable methods for the detection of untreated white-coat hypertension. Because of the abovementioned limitations of the studies included in this meta-analysis, more data are required to confirm these findings, by providing a direct comparison of home with ambulatory BP monitoring and with repeated assessment of BP levels and treatment status during follow-up.
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